Background Disparities in total joint arthroplasty (TJA) have largely been studied in single center studies and using administrative data. Our objective was to investigate differences in TJA outcomes in white men, black men, white women, and black women using a large international registry. Methods We used 2010-2013 data from the ACS-NSQIP to identify four groups of adults (white men, black men, white women, black women) who underwent primary total knee arthroplasty (TKA) or total hip arthroplasty (THA). We compared differences in (1) surgical complications (mortality, pulmonary embolism, wound infection, sepsis, blood loss requiring transfusion, myocardial infarction, pneumonia, acute renal failure, and a composite representing occurrence of one or more adverse outcomes) and (2) discharge to a nursing home. Results We identified 62,075 TKA and 39,334 THA patients. For TKA, 35.3% were white men, 57.2% white women, 1.9% black men, and 5.6% black women. White and black women were significantly more likely to experience our composite outcome when compared to their male counterparts (16.5 and 14.1% for white women and white men; P < .001) (18.3 and 14.3% for black women and black men; P = .002); higher complications for women were explained by higher transfusion rates in women (14.9 vs 12.2% for white women and men, 16.4 vs 11.7% for black; P < .001 for both). For TKA, blacks (compared to whites) and women (compared to men) were significantly more likely to be discharged to a nursing home. Results were similar for THA. Conclusions In contrast to prior studies, we found that complications after primary TJA were generally similar among white and black men and women with the exception of markedly higher transfusion rates among women of both racial groups.
Background
Disparities in health care according to both patient race and sex are well recognized [1] . The literature is particularly robust with respect to cardiovascular disease [2] but also strong in other areas including total joint arthroplasty (TJA) [3] [4] [5] [6] .
When thinking about disparities, it can be useful to differentiate between studies focusing on differences in access/ utilization of effective procedures (e.g., organ transplant, TJA) and studies focusing on differences in patient outcomes [7, 8] . In the case of TJA, there is a large body of literature demonstrating lower rates of utilization in blacks as compared to whites and higher utilization in women as compared to men [5, 9, 10] . Interpretation of these sex-specific findings are complicated because women have a higher prevalence of OA, live longer than men (more opportunity for TJA), and tend to receive TJA at a more advanced stage of disease [11] .
Literature evaluating differences in complication rates after total knee arthroplasty (TKA) and total hip arthroplasty (THA) has typically demonstrated higher complication rates in blacks as compared to whites and men as compared with women [10, 12, 13] . For example, Ibrahim et al. found higher complication rates for black TJA patients treated in the US Veterans Administration healthcare system when compared to whites [12] . Cai and colleagues found higher TKA complication rates in blacks were partially explained by differences in the quality of the hospitals where blacks and whites underwent surgery [14] . Bozic and colleagues used US Medicare data to explore racial disparities in TJA complication rates, finding only small differences in complication rates between hospitals that treated a higher and lower percentage of black patients [15] . Interestingly, while several studies have examined sexbased disparities in TJA utilization and functional outcomes (e.g., pain, mobility), very few studies have evaluated differences in complication rates between men and women [15] [16] [17] [18] . Moreover, many of the available studies of TJA disparities utilized administrative data which lack clinical nuances important in assessing orthopedic outcomes or relied upon small single-center registries.
We used data from a large multi-center clinical registrythe National Surgical Quality Improvement Project (NSQIP) from the American College of Surgeons-to examine whether there were differences in TJA complication rates according to patient sex and race [19] . Based upon our review of the prior literature, we hypothesized that in unadjusted analyses, TJA complication rates would be higher for blacks when compared to whites and men compared to women. However, we expected that after adjustment for patient comorbidities, differences in complication rates would not be significant between groups.
Methods Data
We used data from the 2010-2013 American College of Surgeons National Surgical Quality Improvement Project (ACS NSQIP) participant use files (PUF). Details of the NSQIP have been described previously [19] .
Briefly, ACS NSQIP is a voluntary registry encompassing data from more than 450 participating hospitals with most located within the US [20] . Participants are more likely to be high-volume academic medical centers when compared to non-participants [21] . Participating hospitals designate one or more clinical reviewers who undergo rigorous training and are responsible for entering data into the NSQIP online web-based data repository. Data are collected from an array of sources including chart abstraction, hospital medical records and computer systems, and direct patient query. To maintain flexibility and maximize participation, NSQIP allows for several different options for hospital participation with respect to which surgical procedures are reported, the number of different variables submitted per-case, and the surgical volumes required for participation. Additional details are available from ACS NSQIP and have been described in prior papers [19, 21] .
NSQIP collects approximately 300 variables per patient including demographics (age, race, sex), principal procedure (coded using Current Procedural Terminology [CPT]) codes, comorbidities and clinical factors, and surgical outcomes [20] . Comorbidities include variables such as coronary artery disease, chronic obstructive pulmonary disease, diabetes, and renal failure. Clinical factors include smoking status, weight, and height, which allow for calculation of body mass index (BMI), and American Society for Anesthesiologists (ASA) score (scores range from 1 [least severe] to 6 [most severe]). Surgical outcomes include wound infection, hemorrhage, pulmonary embolism, myocardial infarction, pneumonia, and death.
Analytic Cohort
We identified all primary total knee arthroplasty (TKA, CPT 27447) and total hip arthroplasty (THA, CPT 27130) procedures reported in the NSQIP PUF in 2010-2013. We limited our analysis to patients' whose race was coded as either white or black to insure adequate sample sizes. In accordance with prior studies, and to create a homogeneous population [13, 22] , we limited our analysis to primary elective TKA or THA procedures. We excluded a number of patient subgroups including: emergent cases, patients with acute fracture or active infection, patients with disseminated cancer, patients who were critically ill at the time of their surgery (ASA class >4) because such patients would not be typical of an elective primary TJA, and patients with a hospital length of stay of <1-day because of concerns that such a short stay would not be consistent with TKA or THA. We also excluded patients with age less than 30 years or greater than 89 years because primary TJA is uncommon at such extreme ages.
Outcomes
Primary outcomes evaluated at the patient level included the following: (1) occurrence of one or more surgical complications within 30 days of surgery, (2) hospital readmission within 30 days of surgery, and (3) discharge to a nursing home or skilled care after hospitalization. Hospital length of stay (LOS) was a secondary outcome. Individual complications included in our analyses included the following: mortality, pulmonary embolism, wound infection, sepsis, blood loss requiring transfusion, myocardial infarction, pneumonia, acute renal failure, and a composite representing occurrence of one or more of the eight individual outcomes. The individual outcomes we selected are similar to those outcomes used by the US Centers for Medicare and Medicaid Services for assessing TJA and are also similar to those outcomes that we and others have used in prior research studies [23] . Likewise, our use of a composite outcome follows established methodological precedent [24] . All outcomes were assessed using standard definitions as defined by NSQIP. Of note, hospital readmission and discharge disposition analyses were limited to data from 2011 to 2013 when these variables first became available from NSQIP.
Patient Involvement
This study involved a retrospective analysis of the NSQIP surgical registry. As such, patients were not involved in the conception, execution, or interpretation of our study results.
Statistical Analyses
We stratified both our TKA and THA cohorts into four separate groups: white men, white women, black men, and black women. Analyses were conducted separately for TKA and THA patients.
We began by using bivariate methods (chi square test, Kruskal-Wallis test) to examine unadjusted differences in demographics, clinical risk factors, and comorbidity between our four patient groups. Next, we used similar methods to compare unadjusted outcomes (complication rates, readmission, discharge disposition, LOS) across the four groups.
For adjusted analyses, we used multiple logistic regression to calculate risk standardized rates of outcomes (and 95% confidence intervals) while controlling for differences in patient demographics, clinical factors, and comorbidity [25] . Separate models were generated for each of three different outcomes: (1) our composite adverse outcome, (2) discharge to either a nursing home or skilled care after index hospitalization, and (3) hospital readmission within 30 days of surgery. For these models, patient's age, sex, race, BMI, ASA-class, and procedure (TKA or THA) were forced into our models; other covariates (e.g., comorbid conditions, calendar year) were selected using a mixed stepwise selection process (cstatistics for models ranging from 0.64-0.71). Details of our models and full statistical code are available on request.
All analyses were conducted using R version 3.0.2 statistical software (https://www.r-project.org/) with P < .05 deemed statistically significant [26, 27] . This project was approved by the University Health Network Research Ethics Board (IRB).
All authors have completed the ICMJE uniform disclosure form and declare no support from any organization for the submitted work. All statistical code is available from the authors by request.
Results
We identified 104,756 patients who underwent TJA between 2010 and 2013 ( Fig. 1) . After excluding 3347 cases, our final analytic cohort consisted of 101,409 primary elective TJA patients (62,075 TKA; 39,334 THA). For TKA, 35.3% were white men, 57.2% were white women, 1.9% were black men, and 5.6% were black women ( Table 1 ). For THA, 41.1% were white men, 51.7% white women, 3.4% black men, and 3.9% black women (Table 1) .
Differences in Patient Characteristics by Sex
Male TKA recipients were slightly younger than female TKA recipients among both whites and blacks (P < .001 for both). Male TKA recipients had slightly lower BMI than their female counterparts (P < .001 for both white and black), and men were significantly more likely to smoke than women (P < .001 for both). Looking at comorbid conditions among TKA recipients (Table 1) , differences between sex (men and women) were clinically small (though often statistically significant [P < .05])). However, both black men and black women had clinically significantly higher rates of many comorbidities including hypertension, diabetes, and obesity (P < .001). Analyses focusing on sex differences in the THA cohort (Table 1) 
Differences in Patient Characteristics by Race
Looking at differences in patient characteristics by race, both white men and white women receiving TKA were significantly older than their black counterparts (P < .001 for both). White men and white women who underwent TKA had significantly lower BMI than their black counterparts (P < .001 for both); differences in BMI were particularly large for white and black women. A significantly higher percentage of black men and black women who underwent TKA had an ASA class of three or greater suggesting higher surgical risk when compared to their white counterparts (P < .001 for both). Analyses focusing on the THA cohort yielded similar findings.
Differences in Unadjusted Outcomes by Sex
In analyses of unadjusted outcomes for TKA (Table 2) , white women were significantly more likely to experience our composite outcome when compared to white men (16.5 and 14.1%; P < .001) and black women were significantly more likely to experience our composite outcome when compared to black men (18.3 and 14.3%; P = .002). The higher rate of the composite outcome in women as compared to men is almost entirely explained by higher rates of blood loss requiring transfusion in women (14.9 vs 12.2% for white women and white men, 16.4 vs 11.7% black women and men; P < .001 for both). Differences in other complications between men and women for TKA (e.g., pulmonary embolism, infection, renal failure) were minimal. Differences in hospital LOS for men as compared to women for TKA were small. However, white men and black men who underwent TKA were significantly less likely than white and black women to be discharged to a nursing home (P < .001 for both), and men were more likely to be readmitted to hospital within 30 days of surgery (P < .01 for both).
Differences in Unadjusted Outcomes by Race
In analyses of TKA unadjusted outcomes (Table 2) focusing on patient race, the incidence of our composite outcome was similar for white men and black men (14.1 and 14.3%; P = .89) but lower for white women compared to black women (16.5 and 18.3%; P = .007). White men had slightly higher incidence of both death and myocardial infarction compared to black men for TKA though these differences were not statistically significant (P = .19 and .26, respectively). White women hand slightly lower incidence of pulmonary embolism and bleeding compared to black women (P < .001 for both). White men and white women were less likely to be discharged to a nursing home or skilled care than black men and black women (16.5 vs 18.9% for white and black men; P = .05; 25.0 vs 28.2%; P < .001 for white and black women). Hospital readmission within 30 days of TKA was more common for blacks when compared to whites of the same sex. Unadjusted results for THA were generally similar.
Differences in Adjusted Outcomes by Sex
In adjusted analyses (Table 3 ; Fig. 2 ) white men and black men had significantly lower incidence of the composite outcome than women for both TKA and THA. Interestingly, men no longer had lower complication rates than women when receipt of transfusion was removed from our composite outcome (Table 3 ; Fig. 3 ). Moreover, differences in transfusion rates between men and women were no longer statistically significant in models that adjusted for pre-operative hematocrit levels. White men and black men were significantly less likely to be discharged to a nursing home or skilled care after TKA or THA (Table 3 ; Fig. 4 ) when compared to women of the same race; white men and black men were less likely to be readmitted to hospital when compared to women of the same race (Table 3) , though the results were not all statistically significant.
Differences in Adjusted Outcomes by Race
In adjusted outcomes focusing on race (Table 3 ; Fig. 2 ), white men and black men had statistically similar rates of the composite outcome for both TKA and THA; alternatively, white women had lower complication rates than black women for both TKA and THA.
In adjusted analyses for both TKA and THA, white men and white women were both less likely to be discharged to a nursing home when compared to blacks (Table 3 ; Fig. 4 ). Readmission rates were generally similar for white men compared to black men and white women compared to black women for both TKA and THA (Table 3) .
Discussion
In an analysis of data from the ACS-NSQIP registry, we examined disparities in TJA outcomes by sex and by race for white men, white women, black men, and black women. We found that differences in surgical complication rates between whites and blacks of the same sex were small. Alternatively, we found significantly higher incidence of complications for women when compared to men of the same race, but these sex-based differences were explained by higher rates of blood transfusions among women. We also found marked differences in the percentage of patients who were discharged to a nursing home after hospitalization with the lowest percentage for white men and the highest percentage for black women. .269
Discharge destination and readmission limited to patients who underwent procedures in 2011-2013 when these variables became available in the NSQIP PUF Several of our findings warrant discussion. First, we will discuss the differences that we found with respect to surgical complications. We found little evidence of racial disparities (or differences) in complication rates for TKA or THA for blacks as compared to whites of the same sex, particularly in adjusted analyses. Our findings of generally similar complication rates among blacks and whites differ somewhat from prior research which has generally shown higher complication rates among blacks [10, 12, 14] . Prior research on racial disparities in TKA and THA outcomes has often used Composite Outcome Rate (%) Fig. 2 Adjusted rates of the composite outcome by patient race and sex administrative data and thus may lack the nuance and detail of the NSQIP registry; this may explain some of the differences between our research and prior findings [10] . Alternatively, hospitals participating in the NSQIP registry are self-selected and are known to differ from hospitals that do not participate; thus, differences between our study and prior research may reflect difference between the hospitals included in our analysis and prior research [21] . Either way, our results are Composite Outcome Rate (w/out Transfusion) (%) Fig. 3 Adjusted rates of the composite outcome after excluding bleeding requiring blood transfusion by patient race and sex modestly encouraging by demonstrating similar outcomes for whites and blacks who underwent TKA or THA in hospitals participating in NSQIP. Alternatively, we found larger disparities when looking at disparities through the lens of patient sex. White women and black women had markedly higher complication rates than their male counterparts but these differences were driven almost entirely by higher rates of blood transfusions among women. In turn, higher transfusion rates for women were entirely explained by differences in baseline hematocrit. In recent years, transfusion guidelines have recommended progressively lower thresholds at which transfusion should be initiated based upon data that excessive blood transfusions can cause harm [28] . Such guidelines do not provide separate transfusion thresholds for men and women despite the fact that women tend to have lower baseline hemoglobin levels [29] . Interestingly, there are relatively few studies describing differences in rates of blood transfusions by patient race or sex [30, 31] . Our study suggests that women are being transfused more often than men after TJA; if our results were confirmed in subsequent studies, it might be reasonable to consider whether sex-specific transfusion thresholds might be warranted.
Second, it is important to comment on the differences we observed in percentages of patients discharged to nursing homes after hospitalization; specifically, black women were most likely followed by white women, black men, and finally white men. Prior studies have reported that anywhere from 30 to 50% of TJA patients in the US are discharged to inpatient rehabilitation and/or nursing homes [22, 32] , with lower rates in Canada [33] . The disparity literature with respect to discharge disposition after TJA is extremely limited but supports our findings of blacks being more likely to be discharge to nursing homes when compared to whites [10] . A clinical prediction rule designed to guide choice of discharge disposition after TJA-the RAPT score-explicitly recognizes that female sex is a risk factor for patient's being unable to return home after surgery [34] . Women tend to undergo TKA and THA at an older age when compared to men; thus, age and frailty are likely part of the explanation for why women are more likely to require post-acute care after TJA. In addition, women undergoing TJA are more likely to be living alone at the time of their surgery, having been predeceased by their husbands; thus, women are less likely to have a partner living in the home to assist in post-operative recovery [35] .
Third, it is important to comment upon our findings with respect to readmission rates. In unadjusted analyses, we found that readmission rates were higher for blacks (compared to whites of the same sex) and women (compared to men of the same race). Our findings of higher unadjusted readmission rates for blacks generally reinforces prior studies [36, 37] , though our finding of higher readmission rates for men is somewhat new. When considering the higher readmission rate for men, it is an interesting note that men may be more likely to be readmitted because men are more likely to be discharged home after surgery; conversely, since women are more likely to be discharged to skilled care, the opportunity for readmission may be reduced. It might be reasonable to consider enhanced post-discharge follow-up care (e.g., visiting homehealth aids), particularly for patients who are being discharged home under the care of an often elderly spouse or partner as part of efforts to reduce hospital readmissions.
A number of other findings warrant brief mention. Our finding that the overall risk of surgical complication within 30 days of TJA was approximately 3% after excluding the need for transfusion is consistent with prior studies and reinforces the safety of TJA. Alternatively, the finding that more than 25% of women and 15% of men were discharged to a nursing home or skilled care is a reminder that TJA recovery time is often protracted.
Our study has a number of limitations that warrant mention. First, it is important to note that hospitals participating in NSQIP tend to be large academic hospitals and are not be representative of all US hospitals where TJA is performed. Second, we lack information on patient reported outcomes such as pain and ambulation which are key outcomes for TKA and THA. Third, the PUF lack both hospital and physician identifiers; thus, we were unable to account for clustering of patients within hospitals or hospital or physician volume in our analyses. Fourth, we lacked information on complications occurring greater than 30 days after surgery.
In conclusion, among NSQIP participants, we found similar complication rates after TKA and THA for whites and blacks and little in the way of racial disparities. While women had markedly higher complication rates than men, differences were driven almost entirely by higher rates of blood transfusion in women. Finally, we found marked differences in the percentages of patients requiring discharge to nursing homes after surgery, likely reflecting differences in support available at home after surgery.
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